TITLE OF THE INVENTION USER APPARATUS, BASE STATION
APPARATUS AND METHOD IN MOBILE COMMUNICATIONS SYSTEM
5 BACKGROUND OF THE INVENTION 1. Field of the Invention The
present invention generally relates to the tdchnical field of mobile
communications, and more particularly relates to base station
apparatuses, user 10 apparatuses and methods that conduct

commymicatigns gsipg MyitintelI@anennas. 2. Description of the Related
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to succeed W-CDMA, HSPDA, or HSUDA. In the LTE, an OFDMA
(orthogonal frequency division multiple access) scheme is

20 planned for downlink, while an SC-FDMA (single-carrier
frequency division multiple access) i1s planned for uplink
as radio access schemes (see Non-patent document 1, for
example).

The OFDMA 1s a scheme which divides a frequency band

25 into multiple narrow frequency bands (sub-carriers) and

overlays data onto the respective frequency bands to
transmit the overlaid data. Densely lining up the
sub-carriers such that they are 1In an orthogonal
relationship with one another on the frequency axis makes

30 i1tpossibletoachieve high-speed transmissionand increase

frequency utilization efficiency.

The SC-FDMA scheme is asingle-carrier transmission
scheme which divides a frequency bandwidth and conducts
transmission using different frequency bands among

35 multiple terminals to make 1t possible to reduce

interference between the terminals. The SC-FDMA scheme
reduces fTluctuations in transmission power, which is




advantageous in reducing power consumption of terminals and widening
the coverage. The LTE is a system which communicates with multiple
user apparatuses sharing one or more physical channels for 5 both uplink
and downlink. The channels shared by the Zhuitiple user apparatuses as
described above are generally called shared channels. In the LTE, in
particular, uplink communication is conducted in a physical uplink shared
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increased speed and/or quality _of a ttansmission signal. Transmission

sign&%ﬁﬁq@’ an uplink scheduling grant, an overload

20 indicator, a transmission power control command bit, etc.
(see Non-patent document 2, for example).

The downlink scheduling information includes, for
example, information on allocating a downlink resource
block (RB) for a downlink shared channel, the 1D of the

25 UE, the number of streams when multi-input multi-output
(MIMO) is conducted, information on a pre-encoding vector,
information on a hybrid automatic repeat request (HARQ),
a modulation scheme, a data size, etc. Moreover, the uplink
scheduling information includes information on an uplink

30 shared channel, e.g., information on allocating an uplink
resource, an IDof an UE, informationonuplink transmission
power, the modulation scheme, the data size, information
on a demodulation reference signal in uplink MIMO, etc.

The MIMO scheme s a multi-antenna communications

35 scheme i1n which multiple antennas are used 1In
communications toachieve an increased speed and/or quality
of a transmission signal. Transmission signal streams are



- 3 duplicated and the respective duplicated streams are mixed with
appropriate weights to make it possible to send signals to
communications counterparty in a directivity-controlled beam. This is
called a pre-encoding 5 scheme, while aw8ighting index (weight) to be
used is called "a pre-encoding vector" or more generally "a pre-encoding
matrix". FIG. 1 schematically illustrates how the pre-encoding is
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stream is ransmltted ina spatlally different manner, so
20 that a great advantageous effect in quality Improvement
for each stream may be expected. Moreover, from a viewpoint
of achieving an improvement in throughput, taking into
account a channel variation characteristic 1in the
frequency-axis direction, not only applying one type of
25 pre-encoding matrix to a whole system bandwidth, but also
applying multiple pre-encoding matrices to one system
bandwidth is being studied.
In an example shown in FIG. 2, one system bandwidth
(for example, 10 MHz) isdivided into four bandwidth regions,
30 for each of which bandwidth regions a pre-encoding matrix
is optimized. One bandwidth region may 1include a
predetermined number (e.g., Five) of resource blocks. One
bandwidth may be about the same as aminimum system bandwidth
such as 1.25 MHz, and may be wider or narrower than the
35 minimum system bandwidth. Dividing a system bandwidth into
a number of portions and applying a pre-encoding matrix
to the respective divided bandwidth regions is described



to the respective divided bandwidth regions is described __ 4 in
Non-patent document 3, for example. Non-patent document 1 3GPP TR
25.814 (V7.0.0), "Physical Layer Aspects for Evolved UTRA," June 2006
Non-patent document 2 R1-070103, DownkhkL1/L2 5 Control Signaling
Channel Structure Coding Non-patent document 3 R1-071228, 3GPP
TSG RAN WG1 Meeting#48 St. Louis, USA, February 12-16, 2007
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resources for the dedicated reference signal which have

20 to be provided on the dedicated basis are not small, the

overhead ends up becoming unreasonably large. Therefore,

this scheme i1s not desirable from a viewpoint of improving
total system throughput.

In the meantime, there is a method of performing,

25 based on a common reference signal which Is common to all

users, channel estimation in combination with information

indicating which pre-encoding matrix is applied to the

shared data channel to demodulate the shared data channel.

For convenience of explanation, such pre-encoding matrix

30 information is to be called apre-encoding matrix indicator

(PMI). The PMI, 1.e., pre-encoding matrix, needs to be

appropriately optimized according to channel fluctuations

caused by a movement of a mobile station apparatus. A user

apparatus frequently derives a PMlI (pre-encoding matrix)

35 suitable for an own apparatus, and feeds the derived PMI

back to a base station apparatus. The base station apparatus

updates a pre-encoding matrix to be applied to a downlink



updates a pre-encoding matrix to be applied to a downlink - 5 - shared

data channel, and uses the updated pre-encoding matrix to conduct the

next transmission. Thereafter, feeding back of the PMI from the user

apparatus and updating of the PMI at the tase station apparatus are

repeated. 5 The PMI fed back from the user apparatus may be

erroneously received at the base station apparatus due to a radio
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a pre-encoded physical downlink shared channel are always
20 transmitted to the user apparatus. Determining the PMI most
suitable to the communications condition at the user
apparatus UE and/or the base station apparatus eNB makes
it possible to effectively utilize resources in downlink.
For example, the user apparatus may determine an optimal
25  PMI from a viewpoint of achieving a downlink quality
improvement. Alternatively, for example, while a user
apparatus UE transmits, to the base station apparatus eNB,
a pre-encoding matrix on four streams, the pre-encoding
matrix on two streams may suffice for downlink traffic.
30 In this case, the base station apparatus eNB may provide
the pre-encoding matrix on the two streams, and conduct
communications using the same to effectively utilize
resources without shortage or surplus.
However, the method shown in FIG. 3 requires always
35 reporting the PMI 1n downlink, so that the overhead becomes
large at least by a corresponding amount. Moreover, an
amount of information occupied by the PMI increases or



large at least by a corresponding amount. Moreover, an amount of

information occupied by the PMI increases or __ 6 decreases with the

number of users multiplexed in downlink, so that blind detection at the

receiver is likely to become difficult. More $pecifically, when an attempt is

made to divide a system bandwidth into multiple bandwidth regions, 5
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that this method makes it possible to save the overhead.

20 However, in this way, the base station apparatus eNB ends
up not being able to change the pre-encoding matrix to a
more appropriate one, which i1s not preferable from a
viewpoint of effectively utilizing resources. Moreover,
iT the PMI detected at the base station apparatus eNB is

25 erroneous, the base station apparatus ends up performing
pre-encoding using amatrix different fromwhat is expected
by the user apparatus, so that the above problem of not
being able to properly reconstruct the PDSCH may not be
solved.

30 The problem to be solved by the present invention
iIs to achieve a mobile communications system using a
pre-encoding MIMO scheme that makes i1t possible for a user
apparatus to accurately specify a pre-encoding matrix used
in downlink data transmission, and that makes it possible

35 to achieve iIncreased efficiency in downlink signaling.
[Means for solving the problem]

In the present invention, a user apparatus In a



35 to achieve increased efficiency in downlink signaling. [Means for
solving the problem] In the present invention, a user apparatus ina- 7 -
mobile communications system is used. The user apparatus includes a
unit which receives, from a base station -apparatus, a downlink control
signal including information for allocating a radio resource; a unit which
determines, 5 depending on a channel status, a pre-encoding matrix
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15 whichisallocated, inafixedmanner, to the user apparatus.

[Advantage of the Invention]

According to the present invention, a mobile
communications system using a pre-encoding MIMO scheme
makes 1t possible for auser apparatus to accurately specify

20 a pre-encoding matrix to be used in downlink data
transmission, and to achieve Iincreased efficiency in
downlink signaling.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 schematically i1llustrates how pre-encoding
is performed;
FIG. 2 illustrates how a pre-encoding matrix is
optimized for each bandwidth region;
FIG. 3 is a view for explaining a conventional
30 problem;
FIG. 4 i1s a view for explaining a conventional
problem;
FIG. 5 is a diagram illustrating principles of the
present invention;
35 FIG. 6 1s a functional block diagram of a user
apparatus according to an embodiment of the present
invention;




35 FIG. 6 is a functional block diagram of a user apparatus according to
an embodiment of the present invention; - 8 FIG. 7 is a diagram
illustrating an example of uplink channel mapping; FIG. 8 is a functional
block diagram of a base station apparatus&ccording to an embodiment of
the present 5 invention; FIG. 9 is a view showing an exemplary operation
in which a PUSCH is not transmitted; and FIG. 10 is a view showing an

exemplary opgrpgiony ipgvhigl 8M$¢|‘U§ﬂﬁé‘ﬁmﬁﬁnj&<am ple of uplink
DES%‘@%ECEN&%F :éli—ig >REFERRED EMBODIMENTS [Description of
Notafions] 10 cel 104 uplink received signal demodulator; 106
data signal deEd&erB1b8 @ﬂ@ﬁ&ﬂﬁ@&ﬂﬂ‘dﬁbﬁaéﬁ@ﬁ p\pRse station

accusgpedsitunsiniag anidii Byprd-e ncaialing miai i seletto f18ttieanpalesent
§NCopigiick2Pi 6antrol information modulator 122 serial/parallel converter;

124 channel de in i -
multlpller 138'9 g albm %exer Fi;(g %&%rfgelﬁ (rian%?q%nléérﬂ:éfon "
RF t4ALRT: E%?%td%lg’ﬁ%kﬁ&fé?'ﬁh&ﬁ%ﬁulﬁﬂﬂ 204 control signal

encoder and riddulatb®; 266 aphnkevarshatvdiggalageexatgr i 208 Rbperation

transypitter PR RfneeqReeH2 isFeyigisHarsfedner; 214 pre-encoding
gmtrix selector; 216 PMI 25 accumulator; 218 control information

emodulator 220 channgll decoder 230 pre- encodm matrix multiplier;

[Bes[lee)sIe 1of ;ﬁ:b:mmgXﬁuNtbrean\l@n&}] 30 In an embodlment of the
present mventhr@zneﬁpdqf@ééqaﬂér}g bagka PM&WW d%@é'ﬂléﬁ“ signal

whether, 88 pli sharedata ehagnel BUSCH 1S alosaiep o aleer conero

app Tty rhber of bits'w e transm
mformatlon decoder; 110 PMI accuracy determlnlng unit;

112 pre-encoding matrix selector; 118 channel encoder; 120
control information modulator; 122 serial/parallel
converter; 124 channel encoder; 126 data modulator; 128
pre-encoding matrix multiplier; 130 signal multiplexer;

20 132 inverse Fourier transformer; 134 RF transmitter; 202
data signal encoder and modulator; 204 control signal
encoder and modulator; 206 uplink transmit signal
generator; 208 RF transmitter; 210 RF receiver; 212 Fourier
transformer; 214 pre-encoding matrix selector; 216 PMI

25 accumulator; 218 control information demodulator; 220
channel decoder; 230 pre-encoding matrix multiplier; 232
signal separator; 234 channel decoder; 236 parallel/serial
converter
[Best Mode of Carrying Out the Invention]

30 In an embodiment of the present invention, methods
of feeding back a PMI differ depending on whether an uplink
shared data channel PUSCH i1s allocated to a user apparatus.
The number of bits which can be transmitted in PUSCH is
larger than the same in PUCCH. Then, if the shared data

35 channel PUSCH resource is allocated, not only the PMI but
also an error detection bit (aCRC bit) on information parts
including the PMI i1s arranged to be reported to a base



larger than the same in PUCCH. Then, if the shared data 35 channel
PUSCH resource is allocated, not only the PMI but also an error detection
bit (a CRC bit) on information parts including the PMI is arranged to be
reported to a base - 9 station apparatusin3he PUSCH. As a result, the
base station apparatus may accurately determine whether the feedback
PMI has been received without error. On the other hand, if the shared
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the mdicator information
reported, together with the PD CH, to the user apparatus

20 as Tirst indicator information PMI1, which makes it
possible for the user apparatus to use the reported
pre-encoding matrix to properly reconstruct the PDSCH.

As 1llustrated in FIG. 5, in one embodiment of the
present invention, first indicator information and second

25 indicator information (PMI1, PMI2) are added to the PDCCH.
Atotal ofbitsrequired in the PMI1 and the PMI2 only amounts
to several bits (for example, 5 bits) at most. The First
indicator information PMI1 i1s used to report, to a user
which has reported the PMI in the PUCCH, a pre-encoding

30 matrix used on the PDSCH by the base station apparatus.
For the user which reported, together with the CRC bit,
the PMI, the first indicator information PMI1 is ignored.
The user apparatus retains in memory whether the PMI is
reported in the PUCCH or the PUSCH, so that it can

35 appropriately determine whether information to be read by
the own apparatus is the first indicator information PMI1
or the second indicator information PMI2. Always including,



The user apparatus retains in memory whether the PMl is reported in the
PUCCH or the PUSCH, so that it can 35 appropriately determine whether
information to be read by the own apparatus is the first indicator

information PMII or the second indicator id8rmation PMI2. Always

including, 10 in the PDCCH, the first indicator information and the second
indicator information makes it possible to unify formats of the PDSCH and
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it was reported in. IT the base station apparatus cannot

20 accurately receive the feedback PMI, a default matrix is
used In pre-encoding the PDSCH. The default matrix may be
a Tixed matrix which is predetermined between the base
station apparatus and the mobile station apparatus, or may
report, inconjunctionwith the first indicator information

25 PMI1, a pre-encoding matrix selected from a codebook by
the base station. The user apparatus determines that the
base station apparatus could not conduct the accurate
reception to make it possible to properly reconstruct the
PDSCH in the same default matrix.

30 For convenience of explanation, while the present
inventionwill be described by breaking 1t down into a number
of items, the breakdown is not essential to the present
invention. While specificnumerical value examples are used
to facilitate understanding of the present invention, such

35 numerical values are merely examples, so that any
appropriate value may be used unless specified otherwise.

Embodiment 1



of items, the breakdown is not essential to the present invention. While
specific numerical value examples are used to facilitate understanding of
the present invention, such 35 numerical values are merely examples, so
that any appropriate value may be used uhless specified otherwise.
Embodiment 1 11 -- Configuration of user apparatus FIG. 6 is a functional
block diagram of a user apparatus according to an embodiment of the
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Lsymishiarast GEEanpshidilr@Ehocated a radio resource for transmitting
the PUSCH traisitsruseo da gind kren Godmn@oldhadhd atiog 26 perform

radicie2AHER: encoding and data modulation on an uplink L1/L2
control channel or a PUCCH.

The uplink transmit signal generator 206 properly

20 maps a control channel and a data channel, providing
transmission streams. For example, a process such as
inverse Fourier transformation, etc., a process such as
mapping in the frequency domain, or discrete Fourier
transformation i1s conducted for each stream.

25 FIG. 7 shows an exemplary channel mapping amounting
to two sub-frames in uplink. As an example, one sub-frame
includes two slots, one of which slots includes seven OFDM
symbols. The user to which is allocated a radio resource
for transmitting the PUSCH transmits user data and the

30 control channel using the radio resource.

The uplink L1/L2 control channel which accompanies
the PUSCH includes not only resource allocating information,
but also an error detection bit (for example, a CRC bit),
which is derived from the PMI to be fed back to the base

35 station apparatus and a signal which includes the PMI. The
pre-encoding matrix specified by the PMI may express a
matrix applied to the whole system bandwidth and multiple



The uplink L1/L2 control channel which accompanies the PUSCH
includes not only resource allocating information, but also an error
detection bit (for example, a CRC bit) , which is derived from the PMI to
be fed back to the base 35 station apparatyé and a signal which includes
the PMI. The pre-encoding matrix specified by the PMI may express a
matrix applied to the whole system bandwidth and multiple 12 - matrices
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matrites to be app e system $Dantwidth because the
number UCC accordlng to the present embodiment

20 includes not only a CQl, an uplink reference signal,
ACK/NACK, etc., but also a PMI to be fed back to the base
station apparatus. Unlike the uplink L1/L2 control channel
accompanying the PUSCH as described above, the PUCCH does
not include a CRC bit. Moreover, in the present embodiment,

25 attentionneeds tobe given to the fact that the pre-encoding
matrix specified in the PMI only expresses one matrix to
be applied to the whole system bandwidth. A large number
of bits are required to express multiple matrices to be
applied to parts of the system bandwidth because the number

30 of bits which can be transmitted in the PUCCH is generally
small. If a sufficiently large number of bits which can
be transmitted in the PUCCH are secured, the pre-encoding
matrix specified in the PMI may express not only one matrix
to be applied to the whole system bandwidth, but also

35 multiple matrices to be applied to regions of the system
bandwidth.

The RF transmitter 208 in FIG. 6 converts a base



30 of bits which can be transmitted in the PUCCH is generally small. If a
sufficiently large number of bits which can be transmitted in the PUCCH
are secured, the pre-encoding matrix specified in the PMI may express
not only one matrix to be applied to the-wBde-system bandwidth, but also
35 multiple matrices to be applied to regions of the system bandwidth.
The RF transmitter 208 in FIG. 6 converts a base 13 - band stream to a
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of matrices (Ui, U,.. Up) that are stored in advance in a

code book. Therefore, the PMI specifies any one (U;) of

20 a predetermined number of matrices (Ui, Uz, .., Up). More

generally, the pre-encoding matrix may be not a selection

from which one is selected, but may be adjusted in a manner
which is adaptive to any suitable matrix.

As mentioned in conjunction with FIG. 2, one

25 pre-encoding matrix may be specified for the whole system

bandwidth or the pre-encoding matrix may be specified for

each bandwidth region which constitutes the system

bandwidth. In the present embodiment, the pre-encoding

matrix which is selected using a user apparatus which

30 transmits a physical uplink shared channel PUSCH may be

one matrix to be applied to the whole system bandwidth or

may be specified TfTor each bandwidth region which

constitutes the system bandwidth. The pre-encoding matrix

selected using the user apparatus which does not transmit

35 the physical uplink shared channel PUSCH is merely a matrix

to be applied to the overall system bandwidth, and, in this

case, it i1s prohibited to specify a pre-encoding matrix



matrix which is selected using a user apparatus which 30 transmits a
physical uplink shared channel PUSCH may be one matrix to be applied
to the whole system bandwidth or may be specified for each bandwidth
region which constitutes the system bandMblth. The pre-encoding matrix
selected using the user apparatus which does not transmit 35 the physical
uplink shared channel PUSCH is merely a matrix to be applied to the
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bandwidth and not to be applied for each bandwidth region.
20 The second indicator information PMI2 indicates whether
the base station apparatus could receive, without error,
a feedback PMI transmitted with the CRC bit by the user
apparatus. If it could conduct reception without error,
a pre-encoding matrix specified by the user apparatus iIn
25 a Teedback PMI i1s used. Otherwise, a default pre-encoding
matrix iIs used.
A pre-encoding matrix multiplier 230 weights a
received physical downlink shared channel using a
pre-encoding matrix. The pre-encoding matrix may be a
30 matrixreportedpreviously ina feedback by a user apparatus
to a base station apparatus, a matrix specified by the base
station apparatus, or a matrix determined by default.
The signal separator 232 uses some signal separation
algorithmwhich is known in the art to separate the received
35 signal into individual streams.
The channel decoder 234 performs channel decoding
on the downlink physical shared channel.



pre-encoding matrix. The pre-encoding matrix may be a 30 matrix

reported previously in a feedback by a user apparatus to a base station

apparatus, a matrix specified by the base station apparatus, or a matrix

determined by default. The signal separatdi®232 uses some signal

separation algorithm which is known in the art to separate the received

35 signal into individual streams. The channel decoder 234 performs

channel decodthg onjhedewelinkseipEigel shasad spgeaiel. 1IB3ghe converts
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status of The RF receiver 102 performs a signal process for
converting, to a base band digital signal, each of signals

20 received by multiple antennas #1-#M. The signal process
may include power amplification, bandwidth limiting,
analog-digital conversion, etc., for example.

The uplink received signal demodulator 104 properly
separates a reference signal, a control channel (L1/L2

25 control channel, etc.), an uplink PUSCH etc., transmitted
uplinkand received. Channel estimation and received signal
qual ity measurement, etc. based on the received status of
the reference signal are also performed. The received
signal quality may be measured in SINR, for example.

30 The data signal decoder 106 separates signals
transmitted from the respective transmit antennas and
received into one or more streams and decoded per stream.
The decoding i1s performed such that it corresponds to what
has been performed at the transmitter. At the time of the

35 decoding, an error correction is performed together with
likelihood information.

The control information decoder 108 decodes the



the reference signal are also performed. The received signal quality may
be measured in SINR, for example. 30 The data signal decoder 106
separates signals transmitted from the respective transmit antennas and
received into one or more streams and deé&ded per stream. The
decoding is performed such that it corresponds to what has been
performed at the transmitter. At the time of the 35 decoding, an error
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20 on a likelihood obtained at the time of decoding an uplink
shared data channel . Moreover, the likelithood obtained at

the time of decoding the received PMI i1tself may be used.

The pre-encoding matrix selector 112 determines the
pre-encoding matrix to be used 1n downlink communication

25 based on predetermined determining criteria and the
determined results from the PMI error determining unit 110.

The predetermined determining criteria may be traffic
volume, the number of antennas, the number of streams
required for downlink communication, etc. For example, when

30 the PMI is correctly received, the matrix indicated using
the PMI may be used as a pre-encoding matrix. If a PMI
received with the CRC bit is erroneous, a default matrix
which 1s predetermined between the base station apparatus

and the user apparatus is used as a pre-encoding matrix.

35 For a user apparatus which has fed back the PMI with the
CRC, the pre-encoding matrix selector 112 sets, according

to an instruction (PMI12=0) of the user apparatus, the



The predetermined determining criteria may be traffic volume, the number
of antennas, the number of streams required for downlink communication,
etc. For example, when 30 the PMI is correctly received, the matrix
indicated using the PMI may be used as algre=encoding matrix. If a PMI
received with the CRC bit is erroneous, a default matrix which is
predetermined between the base station apparatus and the user
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The data modulator 126 data modulates the channel

20 encoded signal.

The pre-encoding matrix multiplier 128 provides
weightingwith the pre-encoding matrix using the individual
streams. The pre-encoding matrix iIs what is determined in
the pre-encoding matrix selector 112.

25 The signal multiplexer 130 multiplexes a control
channel, a physical shared channel, and other channels.

The inverse fast Fourier transformer 132 inverse
fast Fourier transforms the respective streams multiplexed,
and modulates the same using OFDM.

30 The RF transmitter 134 performs a process for
converting individual streams into a signal which is
wirelessly transmitted from multiple transmit antennas.
Such a process 1includes adding a guard interval,
digital-analog conversion, bandwidth Hlimiting, power

35 amplification, etc.

A Tirst exemplary operation

FIG. 9 shows a First exemplary operation according



channel, a physical shared channel, and other channels. The inverse fast
Fourier transformer 132 inverse fast Fourier transforms the respective

streams multiplexed, and modulates the same using OFDM. 30 The RF
transmitter 134 performs a process for tod®erting individual streams into

a signal which is wirelessly transmitted from multiple transmit antennas.

Such a process includes adding a guard interval, digital-analog
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the reidiottbsolrasés slicrbiethtosthpdtd@QH ., the user apparatus

specifies a respyEcgsPPERAIPHRIBIHemodu l ates and decodes the PDCCH
and determines whether a radio resource is allocated to
the PDSCH or the PUSCH for the own apparatus. When a downl ink
20 radio resource is allocated, the user apparatus specifies
a resource to be specified i1n downlink scheduling
information and receives aphysical downlink shared channel
PDSCH. IT the radio resource is allocated to the PUSCH,
the user apparatus specifies aresource specified inuplink
25 scheduling information and uses the resource to transmit
the physical uplink shared channel (PUSCH) at an
appropriate subsequent timing. In the present exemplary
operation, it is assumed that the resource for the physical
uplink shared channel 1i1s not allocated to the user
30 apparatus.

In step S13, based on the measured channel status,
the user determines a pre-encoding matrix which is most
suitable for downlink. Typically, the pre-encoding matrix
is any one of a predetermined number of matrices (Ui, U,

35 .., Up) that are stored iIn advance iIn a code book. The
individual matrices (Uy, Uz, .., Up) express one matrix to
be applied to the total system bandwidth. The pre-encoding



25 scheduling information and uses the resource to transmit the physical
uplink shared channel (PUSCH) at an appropriate subsequent timing. In
the present exemplary operation, it is assumed that the resource for the
physical uplink shared channel is not attoééled to the user 30 apparatus.
In step 513, based on the measured channel status, the user determines
a pre-encoding matrix which is most suitable for downlink. Typically, the
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information PMI1.

20 In step S24, a signal transmitted downlink is
provided. The signal generally includes the PDCCH and the
PDSCH. The PDCCH includes, i1n addition to uplink and
downlink scheduling information, also first indicator
information PMI1 and the below-described second indicator

25 information PMI2. The PDSCH includes user data to be
transmitted to individual users. The second indicator
information PMI2 of the present exemplary operation that
exists at this time does not 1include significant
information but may be what remains to be information used

30 in the past, or may be set to a default value. In the present
operational flow, the PMI2 acts as dummy data.

In step S27, a signal which includes the PDCCH and
the PDSCH i1s transmitted to the user apparatus.
In step S28, the user apparatus demodulates and

35 decodes the PDCCH and determines whether a radio resource
is allocated to the PDSCH or the PUSCH for the own apparatus.
IT the radio resource is allocated to the PDSCH, the radio



information PMII and the below-described second indicator 25 information
PMI2. The PDSCH includes user data to be transmitted to individual
users. The second indicator information PMI2 of the present exemplary
operation that exists at this time does not#&tlude significant information
but may be what remains to be information used 30 in the past, or may be
set to a default value. In the present operational flow, the PMI2 acts as
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indicator information PMI1 as in the present embodiment,

20 the user apparatus may not be able to reconstruct, in high
quality, the PDSCH. However, In the present embodiment,
information indicating what pre-encoding matrix applied
to the PDSCH is reported to the user apparatus as the first
indicator information PMI1. Even if there is a lack of

25 matching recognition on the pre-encoding matrices between
the base station apparatus and the user apparatus, the user
apparatus uses a matrix specified in the First indicator
information PMI1 to make 1t possible to properly
reconstruct the PDSCH.

30 According to the present exemplary operation, even
1T the feedback PMI is erroneously recognized by the base
station apparatus, the PMI used in the PDSCH accompanies
the PDSCH, so that the user apparatus can properly
reconstruct the PDSCH in the same pre-encoding matrix as

35 what is used in the PDSCH. The PMI merely specifies one
of matrices to be applied to the whole system bandwidth
and requires only 3-4 bits, for example. Therefore, an



to the PDSCH is reported to the user apparatus as the first indicator
information PMI1. Even if there is a lack of 25 matching recognition on the
pre-encoding matrices between the base station apparatus and the user
apparatus, the user apparatus uses a ma#ik specified in the first indicator
information PMII to make it possible to properly reconstruct the PDSCH.
30 According to the present exemplary operation, even if the feedback
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The user apparatus demodulates and decodes the PDCCH
20 and determines whether a radio resource is allocated to
the PDSCH or the PUSCH for the own apparatus. IT a downlink
radio resource is allocated, the user apparatus specifies
a resource specified in downlink scheduling information
and receives a physical downlink shared channel (PDSCH).
25 It the uplink radio resource is allocated, the user
apparatus specifies a resource specified in the uplink
scheduling information and uses the resource to transmit
the physical uplink shared channel (PUSCH) at an
appropriate subsequent timing. In the present exemplary
30 operation, unlike the Ffirst exemplary operation, it is
assumed that a resource for the PUSCH i1s allocated to the
user apparatus.
In step S13, based on the measured channel status,
the user apparatus determines a pre-encoding matrix which
35 1smostsuitable for downlink. Typically, the pre-encoding
matrix is any one of a predetermined number of matrices
(U1, Uz, ..., Up) already stored in advance in a code book.



radio resource is allocated, the user apparatus specifies a resource
specified in downlink scheduling information and receives a physical
downlink shared channel (PDSCH). 25 If the uplink radio resource is
allocated, the user apparatus specifies-a #B3ource specified in the uplink
scheduling information and uses the resource to transmit the physical
uplink shared channel (PUSCH) at an appropriate subsequent timing. In
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matrix 10 thé selection, from which oné Is selected, is greterable )
in a manner which is adaptive to any suitable matrix.

20 Limiting a matrix which may be a pre-encoding matrix to
the selection, from which one is selected, i1s preferable
froma point of view of reducing the burden of matrix control
operation while making it possible to perform adaptive
control.

25 In step S15, some operation is applied to an
information part including at least the PMI and the error
detection bit (typically, the CRC bit) is derived. The
information part including the PMI may include some control
information besides the PMI, or may include just the PMI.

30 From the point of view of increasing the error detection
accuracy, 1t is more preferable for the number of bits when
the error detection bit is derived to be larger. Therefore,
when 1t suffices to express only one matrix to be applied
to the whole system bandwidth, it is preferable that an

35 error detection bit be derived with any other control
information, not just the PMI. In the meantime, when the
pre-encoding matrix to be applied to a part of the system



from a point of view of reducing the burden of matrix control operation
while making it possible to perform adaptive control. 25 In step S15,
some operation is applied to an information part including at least the PMI
and the error detection bit (typically, the GRC bit) is derived. The
information part including the PMI may include some control information
besides the PMI, or may include just the PMI. 30 From the point of view of
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PMIh§SHS%nas severe as the PUCCH.
In step S19, the base station apparatus receives
20 the PUSCH and determines whether the feedback PMI has been
be received without error. IT 1t has been received without
error, the process proceeds to step S21, otherwise it
proceeds to step S23.
In step S21, the pre-encoding matrix which 1is
25 determined by the user apparatus and which i1s specified
in the feedback PMI is used in the PDSCH. In this case,
the second indicator information PMI2 is set to a
predetermined value (for example, “07).
In step S23, what is in the feedback PMI i1s ignored
30 and the default pre-encoding matrix is used in the PDSCH.
In this case, the second indicator information PMI2 is set
to a different predetermined value (for example, “17).
In step S25, a signal to be transmitted in downlink
is provided. The signal also generally includes the PDCCH
35 and the PDSCH. The PDCCH includes, in addition to uplink
and downlink scheduling information, also first indicator
information PMI1 and the second indicator informationPMI2.



be received without error. If it has been received without error, the
process proceeds to step S21, otherwise it proceeds to step S23. In step
S21, the pre-encoding matrix which is 25 determined by the user
apparatus and which is specified in thefeédback PMI is used in the
PDSCH. In this case, the second indicator information PMI2 is set to a
predetermined value (for example, "0"). In step S23, what is in the
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the PDSCH 2 is r%%ongélbc,ted Nsing fhe pre-gnepding matgix repoted. 4 i on

PM12 is a predetermined number (for example, 0), the PDSCH
20 1s reconstructed using the pre-encoding matrix reported
to the base station apparatus iIn the past by the own
apparatus. IT the PMI2 is a different predetermined value
(for example, 1), the PDSCH is reconstructed using the
default pre-encoding matrix. The pre-encoding matrix
25 previously reported to the base station apparatus in the
past by the own apparatus is ignored. As described above,
the PMI may be erroneously transmitted at the time of
feedback 1n step S17. In this case, the matrix U; expected
by the user apparatus and the matrix U; determined by the
30 base station apparatus could end up not being the same,
leading to a possibility for the user apparatus to not able
to reconstruct the PDSCH in high quality. However, the
present embodiment makes it possible for the base station
apparatus to determine, based on the CRC bit, whether the
35 feedback PMI could be received without error, deciding on,
depending on the determined results, the pre-encoding
matrix to be applied to the PDSCH. Then, information



to the base station apparatus in the past by the own apparatus. If the
PMI2 is a different predetermined value (for example, 1), the PDSCH is
reconstructed using the default pre-encoding matrix. The pre-encoding
matrix 25 previously reported to the base ation apparatus in the past by
the own apparatus is ignored. As described above, the PMI may be
erroneously transmitted at the time of feedback in step S17. In this case,
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numpb&y be transmitted, not in the PUCCH, in which the number

20 of transmissionbitsaresignificantlyrestricted. Notonly
the PMI, but also the CRC bit for the PMI is reported to
the base station apparatus to make it possible to accurately
determine whether the feedback PMI could be received
without error. Regardless of whether the feedback PMI could

25 be received without error, the determined results are
reported to the user apparatus to make it possible to match
the perception of the base station apparatus and that of
the user apparatus on the pre-encoding matrix and to
properly reconstruct the PDSCH.

30 The proper reconstruction of the PDSCH at the user
apparatus may be facilitated by adding the first indicator
information PMI1 to the PDSCH in the case of the fTirst
exemplary operation, and adding the second indicator
information PMI2 to the PDSCH in the case of the second

35 exemplary operation. The PMI1 is at most a few bits and
the PMI2 also is merely in the order of one bit, so that
acombination of the two yields only a fewbits (for example,



20 of transmission bits are significantly restricted. Notonly the PMI, but

also the CRC bit for the PMI is reported to the base station apparatus to

make it possible to accurately determine whether the feedback PMI could

be received without error. Regardless of véether the feedback PMI could

25 be received without error, the determined results are reported to the

user apparatus to make it possible to match the perception of the base
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ecreases with the number of users multiplexed in downlink; So that a

1plindtetB&rAMS tAd Fddath §s likely 15 to become difficult. In particular,
when the systdm pamdwicitH srdjwdeen ittoensytite bdramddindEbias divided
therej Ra DRED CigNE A NBRT drerRPegToridnaFmaHenR{$hedtWl a concern
noreRgR b ‘BHBLAKTS RIS AENS IR EHEBA Shcreases by a
factor of the number of bandwidth regions and it undergoes
20 large fluctuations. With respect to these problems, when
the number of users multiplexed to the PDCCH is less than
a predetermined number N, the pre-encoding matrix may or
may not be what is to be applied to the whole system
bandwidth; but, when the number of users i1s no less than
25 a predetermined number, the pre-encoding matrix may be
arranged such that i1t has to be applied to the whole system
bandwidth. With such an arrangement as described above,
excessive signaling overhead may be avoided even when it
is arranged for the PMI to be always included in the downlink
30 signaling as shown in FIG. 3. Moreover, from the point of
view of unifying the transmission format of signaling, when
the number of users is no more than a predetermined number
and when a pre-encoding matrix is specified for each
bandwidth region, it may be arranged for the downlink
35 signaling to not depend on the number of allocated resource
blocks and for all of the pre-encoding matrices for the
whole system bandwidth to be always signaled. This 1is



20 large fluctuations. With respect to these problems, when the number

of users multiplexed to the PDCCH is less than a predetermined number

N, the pre-encoding matrix may or may not be what is to be applied to the

whole system bandwidth; but, when the ndrhber of users is no less than

25 a predetermined number, the pre-encoding matrix may be arranged

such that it has to be applied to the whole system bandwidth. With such
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apparatuses according to the embodiments of the present invention are

explained using Tfunctional block diagrams, such

20 apparatuses as described above may be implemented in

hardware, software, or a combination thereof. The present
invention is not limited to the above embodiments, so that
variations, modifications, alternatives, and replacements
are included 1In the present invention without departing

25 from the spirit of the present invention.

The present international application claims
priority based on Japanese Patent Application No.
2007-258109 filed October 1, 2007, the entire contents of
which are hereby incorporated by reference.

30



explained using functional block diagrams, such 20 apparatuses as
described above may be implemented in hardware, software, or a
combination thereof. The present invention is not limited to the above
embodiments, so that variations, modifica#i8ns, alternatives,
andreplacements are included in the present invention without departing
25 from the spirit of the present invention. The present international
applicpiignelaims priority based on Japanese Patent Application No. 20

0 7-258T 09 filed October 1, 2007, the entire contents of which are

hereby incorporated by reference. 30 28 - CLAIMS 1. A_user apparatus in _
a mobile comrhunifatibRs Fsy2RRI@IMRisHy: 8aTRR Wichcesyed cations
fromsymatenstatoongppesatng,- a downlink control signal including

information fop YWFRIYIR PO TNESS: Praw VBiRS SIS eERNGS apparatus,

AP S MO T o o

anteAldOGARAMASE sFROIFHRPAUECS a unit which transmits, to the

base station appanattis vani aiiiné estgriath b sljngltedPid ik ngheosina ifchanne |

radiosiespusse iszR! Al R0 aRECAhAR HRIK PhaRSa NPV which
ser r is_ir o iQ re _
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shar89 EREMAS oPThethi&orRpparata the L RPRA TS AssmaRE in a
physical uplinlacoutreltcharimet vhighr anehottited, irta fidsueabaseto gation
USGV&\@BQ%&%S%-. Bhe UBATHRO X TP FRAERGE Y aeE. pien )Wfére in,
PMI is transmifted i Ihe Bhwsical URUnK- 22 §ereq fBRMRES™ Brysical
t it y
transmitted to the base stafion apparatus _
5 uplink shared channel of the user apparatus, the PMI is
transmitted using a part of the radio resource, and,
wherein,
if the radio resource is not allocated to the
physical uplink shared channel of the user apparatus, the
20 PMI is transmitted in a physical uplink control channel

which isallocated, inafixedmanner, to the user apparatus.

1

2. The user apparatus as claimed 1, wherein,
when the PMI i1s transmitted in the physical uplink
25 shared channel,
the PMI is transmitted to the base station apparatus
together with an error check bit on a signal including the
PMI .

30 3. The user apparatus as claimed in claim 2, wherein
the PMI expresses the pre-encoding matrix to be applied
to a whole system bandwidth which is usable for the user
apparatus in the mobile communications system, or the PMI
expresses multiple pre-encoding matrices provided for

35 corresponding multiple bandwidth regions constituting the
system bandwidth.



together with an error check bit on a signal including the PMI. 30 3. The

user apparatus as claimed in claim 2, wherein the PMI expresses the
pre-encoding matrix to be applied to a whole system bandwidth which is

usable for the user apparatus in the mobild®ommunications system, or

the PMI expresses multiple pre-encoding matrices provided for 35
corresponding multiple bandwidth regions constituting the system

bandwidth.. 294 .Af-'l'ﬂéeu@@f' UPFHERS ﬁ|§i6‘P§iﬁ1élﬂiiﬁh%l\@ﬂf€'ﬁ‘, &herein
pre-engoding indicriRr GRS quded (3 3e d3ualink Aol SIabun 1 ink
the pre-encoding indicator indicating whethéer the pre-encoding matrix _ )
usecdSAERhittlgaBIphytiesl RURTAR SRIEILHARAIGERRErlMd I cating
matrixn@ ttrerprérencpdimgenatod spgcifiad by xhaigsst appatatansBiTtdng a
Esd?r;ﬁ@?%ﬂ% Qé@\lﬂﬂ’l‘?ﬂ@ §|ﬁ‘é{f*éd"\&1¢é¢iﬁe\’l’hr?%t%e B@I‘erﬂ’@”'ﬁﬁa_trix or
indicato of a. e re;e I

used oét e%pﬁ%/ﬁfééﬁdéﬁnm%qghig:é%ﬁgmﬁé tﬁép p?g_§§§§g:ﬁggﬁéé%(atus i
specified by the user apparatus. 6. The user apparatus as claimed in

claim 4, wherén, TiewiseTthe peg-aticstag aldidated(PMi2) éa ofd, wherein,

predgifeminegalucp e RRCANEPA ¥ saedor gpipycalis  of a
own|in e r S

i e IS U B R ol RPN e d ror the
physRAY SRR BANBI ERkrRpERtrRRRRBMK S 8 BERarRERHHRamatrix

PMI speoi tfaesinittgd tBeT heseseragmparatiisias claimed in claim 7,
wherein 25 the PMI only expresses a pre-encoding matrix to be applied

toa gystem b%].d\flbdéhu\ggig};\ﬁp%sla%fu@ratg %i'geirm"%oci) %%tc?faipmt - wherein,
mobile communications system. 9. The user apparatus as Claimed ih

1BlainVBeRnerkhe 30 RISe&eBdMgMati Rtk PMIDIMBRN 1S of a
indicptesce eerenoedingarhatix ibed e -physiodlicdgvnirtieghanesed for the
chanpel/isyeeaivedWroRifR Wik ihepysiaahdewpbnithe default matrix.

7. The user apparatus as claimed inclaiml, wherein,
20 when the PMI is transmitted in the physical uplink control
channel, an error check bit in a signal including the PMI

IS not transmitted.

8. The user apparatus as claimed in claim 7, wherein
25 the PMI only expresses a pre-encoding matrix to be applied
to a system bandwidth which is usable for the user apparatus

in the mobile communications system.

9. The user apparatus as claimed in claim 8, wherein

30 a pre-encoding matrix indicator (PMI1) which indicates a

pre-encoding matrix used in a physical downlink shared

channel i1s received together with the physical downlink
shared channel.

35 10. A method used In a user apparatus iIn a mobile
communications system, comprising the steps of:
receiving, fromabase station apparatus, adownlink



shared channel. 35 10. A method used in a user apparatus in a mobile
communications system, comprising the steps of: receiving, from a base

station apparatus, adownlink 30 - control signal including information for
allocating a radio resource; determining, d&bending on a channel status,

a pre-encoding matrix indicator (PMI) indicating a 5 pre-encoding matrix

to be applied to multiple antennas of the base station apparatus; and
tran%@ﬁlﬁgopéh@ RAYEI $1EY M RRBRIAFS rAR tiIYAKFY B2 IS8 radio
PMI, Iyé é the radio resource is allocated to a physical 10 uplink

share annel bf the user apparatus, the PMI is transmitted using a part

of the radio reS6heEM AR RlereEGPERIANB r&burke RAINRLCaRIREYS. a
the phngsicaioptinloghareditirannel ainttie catoappaf@iis)the iIPMiating a

yansypged it diMgoAbENINK entel e rbdStuhish It /pacigatEmas of
fixe anner, go Qﬁa%%ﬁp%%rﬁa%sa‘t&% A ra&e station apparatus in a

mobile communications sys comprlsinﬂaa unit which receives, from a

user apparatugra'ﬁ‘%'Mhﬂ%rgnﬁ?m?éﬁh%l A BreSditbbRTY ARPRYatus, an
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11. A base station apparatus 1In a mobile
communications system, comprising:
a unit which receives, from a user apparatus, an

20 uplink signal including a pre-encoding matrix indicator
(PMI) which iIndicates a pre-encoding matrix to be applied
to multiple antennas of the base station apparatus;

a unit which determines the PMI to be used in
transmitting a physical downlink shared channel;

25 a unit which transmits, to the user apparatus, a
downlink control signal 1including information for
allocating a radio resource, wherein, if the radio resource
is allocated to a physical uplink shared channel of the
user apparatus, the PMI is received using a part of the

30 radio resource, and wherein

if the radio resource is not allocated to the
physical uplink shared channel of the user apparatus, the
PMI is received in the physical uplink control channel
allocated in a fixed manner to the user apparatus.

35

12. The base station apparatus as claimed in claim
11, wherein, when the PMI is received in the physical uplink



allocated in a fixed manner to the user apparatus. 35 12. The base station
apparatus as claimed in claim 11, wherein, when the PMI is received in
the physical uplink 31 -- shared channel, the PMI is received together with
an error check bit in a signal including the3iMt. 5 13. The base station
apparatus as claimed in claim 12, wherein the PMI expresses the
pre-encoding matrix to be applied to a whole system bandwidth which is
usabig foF e disgh agRaratus in the mobile communications system, or

the Pl expregies BiffPle preceaguing BRSO MIBKAS L rror check

corresponding multiple bandwidth regions € system
bandWhdihl 42158 888 sthisd 'éﬁbgt%td'eh&s BMAned in claim 13,

wherein a pre-encoding indicator (PMI2) is included 15 in the downlink
gontrol S|gnal the Wﬁ@ﬂf&g@%f'&@?&m 'ﬁﬁl@&?&&l‘!}@%ﬁeb@almed in claim
Pre-cns o pal T el B I arplug e pheeigak It i er ix o

channerlis a rx or the pre-encoding m rx speci

user%@a?&bseébtl% W8 6o YT BRRAHACE HAER id S amabl e Tor
14, wiifereins # thappseadading médthe ume(d» idreheophysitet dbwalisk system,

shargg chenael mhe Brep®rREOSEY MaAlPE iKPPEfi @LBWC‘&ﬁn matrices
PP i T 25 OO PO RS 6o

pre alte. 1 ase 5 a n appar us as c alme in claim
14, AR il peb-Thé Ry kR PREbHTHE- 30 physical downlink

shared channel is the default matrix, the pre-encoding indicator (PMI2) is

set to a predeteamingt Wld@ Stafporrehpaiar aBrastbaf@dniedclaim

in cly 35He1r<¥"hr‘?r%”PVr"§ %& P'VH > ‘ec ‘VeéjEB}h%Hﬂ'l%phE'wAcl uded

contror ehannel. an ertof Check Ditin a |gna

15 in the downlink control signal, epre encoding indicator
indicating whether a pre-encoding matrix used 1iIn
transmitting the physical downlink shared channel is a
default matrix or the pre-encoding matrix specified by the
user apparatus.

20

15. The base station apparatus as claimed in claim

14, wherein, i1t the pre-encoding matrix used for the
physical downlink shared channel is the pre-encoding matrix
specified by the user apparatus, i1t indicates that the

25 pre-encoding indicator (PMI2) is set to a predetermined
value.

16. The base station apparatus as claimed in claim

14, wherein, i1t the pre-encoding matrix used for the

30 physical downlink shared channel is the default matrix,

the pre-encoding indicator (PMI2) i1s set to a predetermined
value.

17. The base station apparatus as claimed in claim
35 11, wherein, when the PMI 1s received in the uplink physical
control channel, an error check bit in a signal including

the PMI is not transmitted.



the PMI is not transmitted. 32 - 18. The base station apparatus as claimed
in claim 17, wherein the PMI only expresses a pre-encoding matrix to be
applied to a whole system bandwidth which is usable 5 for the user
apparatus in the mobile communications s§8tem. 19. The base station
apparatus as claimed in claim 18, wherein a pre-encoding matrix indicator
(PMI1) which indicates a pre-encoding matrix used in transmitting a 10
physical downlink shared channel is transmitted together with the

physical downfigk spareq,chanagl.2q ) mehad sead i Risesaliony crain
apparatus in a niobile communications system, comprising the steps of: i

15 réc?eMW@,echﬁﬂ% & fd\ﬂ)brgf%)/aﬁ%@ﬁﬁ@%@ﬁaﬂirﬂ:ﬁﬁﬁﬁ@‘a‘Od Ing matrix
pre-drduing prekme thdicaryRM ewdychit @dibated wigiElendotidly amtrisable

: be@ﬁ?ﬂ%@é@ﬂ%eﬂ%&”@ﬁ Qfthe P@‘iﬁfltét't%hﬁﬂﬂﬁi@&iii ons system.
determining the PMI to be used in transmitting a 20 physical downlink
shared channel; and transmitting, to the user apparatus, a downlink

control signal Fetudifg iRBRRaE4A I NRRARY atHgiAsesd@teed in claim
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manner, to the user apparatus. 21. A base station apparatus in a mobile
communicationg) .SY%GfﬂbﬁﬁBtﬂJrﬁE@ﬂamitaNlﬂjﬁ_%E aﬁ_i@iﬁdﬁ ARratus in
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deteimioésddasgd @an@rfeedbackdfiorg matrix indicator (PMI) which

indicates a pre-encoding matrix to be applied to multiple
antennas of the base station apparatus;
determining the PMI to be used in transmitting a
20 physical downlink shared channel; and
transmitting, to the user apparatus, a downlink
control signal including information for allocatingaradio
resource, wherein If the radio resource is allocated to
a physical uplink shared channel of the user apparatus,
25 the PMI i1s received using a part of the radio resource,
and wherein,
if the radio resource is not allocated to the
physical uplink shared channel of the user apparatus, the
PMI i1s received in a physical uplink control channel which
30 1is allocated, in a fixed manner, to the user apparatus.

21. A Dbase station apparatus 1i1n a mobile
communications system, comprising:
a unit which transmits, to one or more user
35 apparatuses, a downlink control signal including
information for allocating a radio resource;
a unit which receives an uplink signal from the one



the user apparatus, a pre-encoding matrix indicator (PMI) indicating a
pre-encoding matrix to be applied to multiple 5 antennas of the base
station apparatus, wherein, when a number of multiplexed users in the
downlink control signal is no less than a pf&determined number, the PMI
indicating the pre-encoding matrix to be applied to a whole system
bandwidth of the mobile communications system is reported 10 to each of
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bandwidth of the mobile communications system is reported to each of

the user appa@“%@%‘é’@f&ﬁt?@ﬁ*%@ﬁﬂm eldnefviened in claim

useraint eh%%nlrpkthe PMI indicating the multiple pre-encoding
matrices provided for the multiple bandwidth regions

20 indicates the pre-encoding matrix for the whole system
bandwidth regardless of an amount of radio resource
allocated to each of the user apparatuses.

23. A method used In a base station apparatus in
25 a mobile communications system, comprising the steps of:
transmitting, to one or more user apparatuses, a
downlink control signal 1including information for
allocating a radio resource;
receiving an uplink signal from the one or more user
30 apparatuses;
determining, based on a feedback from the one or
more user apparatuses, a pre-encoding matrix indicator
(PMI) indicating a pre-encoding matrix to be applied to
multiple antennas of the base station apparatus, wherein,
35 when a number of multiplexed users in the downlink control
signal is no less than a predetermined number, a PMI
indicating the pre-encoding matrix to be applied to a whole



control signal is less than the predetermined number, the 5 PMI indicating
multiple pre-encoding matrices is provided for multiple bandwidth regions
which constitute a system bandwidth of the mobile communications
system. - 34 -

system bandwidth of the mobile communications system is

reported to each of the user apparatuses, and wherein,

when the number of multiplexed users in the downlink

control signal i1s less than the predetermined number, the

5 PMI indicating multiple pre-encoding matrices is provided

for multiple bandwidth regions which constitute a system
bandwidth of the mobile communications system.
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